1) Additional Experimental Details
The first protioligand, the propylene-linked system pr [NPN]H2, was prepared from phenyl phosphine and N-allylaniline. Neat reaction conditions, excess of the allylic substrate and relatively high loadings of the radical initiator (i.e. approximately 5 mol-% AIBN) were employed and found to be of crucial importance for the success of this synthesis (see Scheme S1). After removal of excess N-allylaniline under vacuum, crude The second protioligand bn [NPN]H2 was prepared starting from phenyl phosphine as well. In the first step, the N-phthaloyl-protected 2-aminobenzylbromide (Precursor 1) was reacted with PhPH2 in the presence of a base (i.e. KO t Bu) and the resulting N-phthaloyl-protected ligand (Precursor 2) isolated in high yields. The protective groups were removed in the second step via reaction with hydrazine monohydrate and the resulting diamine was isolated as its di-hydrochloride salt (see Scheme S1). In the third step, access to the target ligand,
bn
[NPN]H2, was gained via reaction of Precursor 3 with excess trimethylsilyl chloride in the presence of triethylamine. The desired protioligand bn [NPN]H2 was isolated as a white powder in 38 % yield (over three steps). In the corresponding 31 P{ 1 H} NMR spectrum, only one singlet was detected at −33 ppm and the purity of the protioligand corroborated by elemental analysis. 
Synthesis of Precursor 2.
A 500 mL Schlenk flask was charged with a solution of potassium tert-butoxide (12.0 g, 106 mmol, 2.1 eq) in dimethoxyethane (300 mL) and cooled to 0°C. Neat phenyl phosphine (5.5 mL, 5.5 g, 50 mmol,1.0 eq) was added to the stirred solution resulting in a colour change to orange. Solid α-bromo-N-phthaloyl benzylamine (27.0 g, 100 mmol, 2.0 eq) was added in one portion at 0 °C and the resulting reaction mixture was allowed to warm to room temperature. After stirring for 3 h at room temperature, the mixture was heated to 70 °C and stirring was continued for 3 h. The reaction mixture was allowed to cool to room temperature and the solvent reduced in volume to approximately 30 mL. The resulting yellowish precipitate of the crude product was filtered off together with potassium bromide and the solid collected on the frit was washed with degassed H2O (80 mL) to remove the latter inorganic salts. The remaining solids were washed with diethylether (50 mL) and dried in vacuum to afford the product (27 g, 47 mmol, 94 %) as a slightly yellowish powder. 
Synthesis of Precursor 3.
Hydrazine monohydrate (16 mL, 16.5 g, 329 mmol, 7.0 eq) was added dropwise to a stirred solution of Precursor 2 (27 g, 47 mmol, 1.0 eq) in ethanol (600 mL) at room temperature. After completed addition, the resulting reaction mixture was refluxed for 3 h and then allowed to cool to room temperature. All volatiles were removed under reduced pressure and toluene (200 mL) was added to the solid residue. This mixture was heated to 60 °C and the warm mixture was filtered. The clear yellow filtrate was cooled to 0 °C and a solution of HCl (100 mL, 2.0 M in diethylether, 4.26 eq) was added within 5 min. A white precipitate was formed and the resulting suspension was stirred for 30 min prior to filtration. The solids collected on the frit were washed with diethylether (50 mL) and dried in vacuum. After recrystallization from methanol (15 -20 mL), the product was obtained as an off-white microcrystalline powder (11 g, 29 mmol, 62 %). 
Synthesis of bn
[NPN]H2. A stirred suspension of Precursor 3 (8.00 g, 20.3 mmol, 1.00 eq) in dichloromethane (250 mL) was cooled to 0 °C and triethylamine (22.6 mL, 16.5 g, 163 mmol, 8.00 eq) added within 15 min. The resulting reaction mixture was stirred for 15 min at room temperature and cooled to 0 °C again. Neat trimethylsilyl chloride (30.8 mL, 26.4 g, 244 mmol, 12 eq) was added within 10 min and the mixture allowed to warm to room temperature. After stirring for 12 h at room temperature, all volatiles were removed under reduced pressure and the product extracted with npentane (100 mL). Recrystallization from n-hexane (100 mL) at −20 °C afforded the product as a colourless solid (6.10 g, 13.1 mmol, 64 %). Elemental analysis calcd. for C26H37N2PSi2 : C 67.20, H 8.03, N 6.03; found: C 67.20, H 8.20, N 6.30 . 4 mmol, 1.0 eq) was dissolved in tert.-butylamine (250 mL) and the resulting reaction mixture refluxed for 72 h at 60 °C. Formation of a white solid (tert.-butylamine hydrochloride) was observed over the course of the reaction. After the reaction mixture was allowed to cool to room temperature, the excess tert.-butylamine was removed in vacuum. The residue was extracted with n-pentane (350 mL) and filtered through Celite. The filter cake was washed with n-pentane (3 × 100 mL) and the combined extracts and washing condensed in vacuum. The remaining liquid was purified by vacuum distillation (130 °C, 3 × 10 -1 mbar) to afford the product as a colourless liquid (12.9 g, 65.2 mmol, 75 %). -S14 - -S15 - 
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